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Abstract
The growing world-wide use of N fertilizers (mineral or biological, i.e. legume growth) fuels nitrous oxide (N2O) emissions from 
agricultural soils, increasing the global atmospheric N2O concentrations by 18% since pre-industrial times. In addition to 
increasing N inputs, rising atmospheric CO2 concentrations can increase the emissions of N2O. However, most studies were 
short-term (<5 years) experiments, from intensively fertilized agricultural sites; or measurements were only carried out during the 
vegetative period, neglecting freeze-thaw N2O emissions. Grasslands occupy one third of the earths’ surface and may represent a 
considerable positive feedback loop when N2O emissions increase under future CO2 levels, accelerating global warming.
We investigated N2O emissions under elevated CO2 in a wet, species-rich grassland ecosystem over 11 years (Giessen-FACE: 
1998-2009). The Giessen-FACE consists of 3 elevated (eCO2) and 3 ambient (aCO2) ring plots with three permanently installed 
maxi-chamber measurement places per ring. Measurements were carried out 1-3 times weekly starting one year prior to the CO2
enrichment onset (May 1998) up to now. 
Elevated CO2 more than doubled N2O emissions, causing 5.4 t CO2-eq. ha-1 of surplus N2O emissions over 11 years. 
Surprisingly, the largest stimulation did not occur after the spring N-fertilizer application (40 kg N ha-1), but over the vegetation 
period where the soil was warm and dry. After N fertilization in spring, and during the off-season, N2O emissions were 
moderately stimulated with eCO2. A carbon balance assessment revealed that 62% of the surplus eCO2-biomass yield carbon 
(sum: 8.7 t CO2-eq. ha-1over 11 years) is already “consumed” by the surplus N2O emissions. Thus, even when the surplus 
biomass is pyrolyzed into biochar, a recalcitrant form of carbon for C sequestration in soils, the stable C amount would be 
insufficient to counterbalance the increased N2O emissions under elevated CO2.
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